We evaluated the use of immunogold electron microscopy to study the distribution of calcium ATPase in the sarcoplasmic reticulum membrane of skeletal musde. We examined (a) 1-nm gold labeling, (b) the effect of gold size on immunolabeling, and (c) the densities of gold particles in areas of maximal labeling in fibers from rat extensor digitonun longus and pig gracilis musdes. The technique allowed une q u i v d identification of the calcium ATPase. Gold particles of 1 nm were suacessfully visualized in d e d or lightly stained sections and the density of labeling was about 20 times greater than with 10-nm gold. The average densities in areas of intense labeling were 2878 f 139/pm2 with 5-nm gold and 4310 276/pn2 with 1-nm gold. These
Introduction
Skeletal muscle relaxes when calcium is sequestered into the sarcoplasmic reticulum by a magnesium-activated ATP-dependent calcium pump, and the free myoplasmic calcium concentration falls. Calcium ATPase is the major protein in the longitudinal and terminal portions of the sarcoplasmic reticulum, being excluded only from the junctional face and parajunctional proteins of the terminal cisternae (Franzini-Armstrong, 1975) .
The quantitative distribution of the calcium ATPase is of interest in the context of understanding different calcium ATPase activities in muscles containing different types of fibers and the way in which the protein aggregates in the native membrane. Calcium ATPase has been visualized by freeze-fracture techniques (Beringer, 1976; Bray and Rayns, 1976; Franzini-Armstrong, 1975) , freeze-drying and rotary shadowing (Ferguson and Franzini-Armstrong, 1988; Franzini-Armstrong and Ferguson, 1985) , and immunoelectron microscopic (IEM) techniques (Dulhunty et al., 1987; Jorgensen et al., 1982) . E M is the only method that allows unequivocal identification of the calcium ATPase protein, although the numbers of gold particles counted in previous studies are fewer numbers are similar to the density of particles in freezefracture replicas of sarcoplasmic reticulum. The low density of 10-nm gold suggests that the large gold particles hinder binding of secondary to primary antibodies. The difference between 1-and 5-nm gold is explained by the amounts of gold conjugated to the immunoglobulin. The results suggest that there is a one-to-one relationship between secondary immunoglobulins (1-nm or 5-nm gold conjugates) and oligomeric complexes of calcium ATPase. ( J IIistochem KEY WORDS: Calcium ATPase: Sarcoplasmic reticulum: Immunogold electron microscopy. 41:1459-1466, 1993) than the numbers of calcium ATPase molecules estimated by other techniques (Dulhunty et al., 1987) . The density of calcium ATPase in fast-twitch mammalian muscle estimated from the numbers of dots on the surface of rotary-shadowed, freeze-etched vesicles is 32,000/ pz of sarcoplasmic reticulum membrane (Franzini-Armstrong and Ferguson, 1985) . five to six times greater than the highest densities of particles ( 5000-6000/pn2) seen in freezefracture replicas (Franzini-Armstrong and Ferguson, 1985; Heilmann et al., 198l) , suggesting that the particles in the replicas may be oligomeric complexes of calcium ATPase, since the protein has a strong tendency to aggregate (Silva and Verjovska-Almeida, 1985) . The density of 5-nm gold in immunolabeled sarcoplasmic reticulum from fast-twitch skeletal muscle is on the order of 30O/pm2 (Dulhunty et al.. 1987) , i.e., 5 % of the number of freeze-fracture particles or 1% of the number of rotary-shadowed dots.
C~t d~
We have examined two factors that may have contributed to the low density of gold particles in the immunolabeled sections reported in the previous study. The first was the effect of the gold probe size on the density of labeling. It has been reported that the density of gold labeling of catalase antigenic sites in thin sections of rat liver peroxisomes increases as the size of the gold probe decreases from 38 nm to 5 nm (Yokota, 1988) . We therefore looked at the relationship between gold particle size and the density of labeling of calcium ATPase in the sarcoplasmic reticulum and explored the possibility of using a smaller-diameter gold probe (<5 nm) to obtain better resolution of calcium ATPase density than that previously obtained with 5-nm gold.
A second factor that might have contributed to the low densities of gold was related to the method of estimating particle densities. In previous studies (Dulhunty, 1990; Dulhunty et al., 1987) gold was counted over all areas of the section that were immediately adjacent to triad junctions and were likely to contain terminal cisternae membranes. However, since antibody binding is thought to be confined to antigenic sites near the surface of the section (Nakane, 1982) . membrane buried deep within the sections (which are 60 nm to 70 nm thick) would not be available to the antibodies. We therefore looked at the density of gold in areas of intense labeling in which the membrane surface was presumably coincident with the surface of the section.
D12, a monoclonal antibody (Dulhunty et al., 1987; Molnar et al., 1990) with an epitope that lies between residues 670-720 of calcium ATPase (Molnar et al., 1992) , was used as the primary antibody. We found that the density of gold labeling of calcium ATPase was highly dependent on particle size (1 nm, 5 nm, and 10 nm). The average densities of 1-nm and 5-nm gold particles in areas of intense labeling were 4310/pn2 and 2878/pn2, respectively. The higher labeling density obtained with 1-nm gold may be due to (a) some secondary IgG being conjugated to more than one h m gold particle and (b) not all secondary IgG being conjugated to 5-nm gold particles. A similarity between the density of 1-nm or 5-nm gold and the numbers of particles reported in freeze-fracture replicas suggested that the immunogold technique identifies oligomeric complexes of calcium ATPase rather than individual calcium ATPase molecules.
Materials and Methods
Tissue Preparation. Extensor digitorum longus (EDL) muscles were obtained from adult male Wistar rats after asphyxiation with C02. Biopsies of gracilis muscle were obtained from Landrace pigs under anesthesia induced with thiopentone (34 mg/kg) and maintained with nitrous oxide in oxygen and supplemented with thiopentone (Okumura et al., 1979) . The experiments were approved by the Australian National University Animal Experimentation Committee. The muscles were pinned at rest length in a sylgard (Dow Corning)-lined petri dish filled with a Krebs solution containing (mM): NaCl 150; KCI 3.5; CaC12 2.5; MgC12 2.5; glucose 11; TES [Nuis-( hydroxymethyl)-methyI-2-amino-ethanesulfonic acid] buffer 10 (adjusted to pH 7.4 with NaOH). Bundles of 10-20 intact muscle fibers were dissected, tendon to tendon, from EDL muscles and bundles of 10-20 cut fibers were obtained from the gracilis biopsies.
Electron Microscopy. The fibers were fixed at rest length for 1 hr in 0.1% glutaraldehyde and 2% paraformaldehyde in the Krebs solution, then were washed in Krebs, cut into smaller segments, and embedded in LR White resin (London Resin Company; London, UK) by methods recommended by the manufacturer. Gray/silver sectionswere mounted on formvarcoated grids, blocked overnight at 4% with 5% skim milk in PBS, (mM: Na2HP04 7; NaH2P04 2.6; NaCl 138; pH 7.4) and cleared of particulate material by centrifugation at 14,000 rpm for 2-5 min. The sections were then washed in 0.5% BSA in PBS, exposed to purified primary antibody (D12 diluted 1:lOO with PBS) for 1 hr, washed in PBS, and exposed to the second antibody diluted 1:20 with PBS (5-nm or 10-nm gold-labeled goat anti-mouse antibody (Jamen Pharmaceuticals; Beerse, Belgium) or 1-nm gold-labeled goat anti-mouse antibody (BioCell; Cardiff, UK) for 1 hr, washed in distilled water, and stained with uranyl acetate. The sections were examined on a Hitachi H 7000 electron microscope, photographed, and printed with a total magnification of x 75,000 to x 175,000.
Silver enhancement was performed with the BioCell Silver Enhancing Kit (SEKLlS), with modifications of the methods recommended by the manufacturer in an attempt to slow the aggregation of the silver onto the gold and to obtain a subtle enhancement of individual particles. The modifications included lowering the temperature (performing the procedures in a cold room), diluting the reagents by 50% with distilled water, and reducing the time of exposure to the reagents by 30 sec. Antibody Dilutions. Dilution of primary antibody in the range of 1:lOO to 1:10,000 showed constant and maximal labeling at dilutions lower than 1:lOOO (with a saturating 1:20 dilution of second antibody). A 1:lOO dilution of primary antibody was therefore routinely used for immunogold labeling. Dilution experiments with 5-nm and 10-nm gold-conjugated second antibodies (primary antibody at 1:lOO) showed constant binding at 1:20 and 1:50 with a small fall at 1:lOO. A dilution of 1% was routinely used for the second antibody. Dilution experiments were not performed with the 1-nm gold-conjugated second antibody. However, this product is normally prepared at higher immunoglobulin concentrations than is possible with the other gold-labeled probes and can be used at greater dilutions (BioCell information sheet). Therefore, we assumed that a 1:200 dilution would give maximal binding.
Partide Counting. The density of gold particles in the terminal cisternae membranes was obtained from exact longitudinal sections in which areas adjacent to the transverse (T)-tubules contained sheets of membrane from the flat surfaces of the terminal cisternae. Two methods were used to measure particle densities. In the first. rectangular areas were outlined on the micrographs: with the long axis of the rectangle extending 200 nm parallel to the T-tubule and the short axis extending 100 nm at right angles to the T-tubule (Figure 1) (Dulhunty et al., 1987) . Almost all areas adjacent to identifiable triad junctions were included in the counts and 15-20 areas were outlined on each micrograph. Five micrographs were analyzed for each fiber. The numbers of particles in each area were counted and the average number per area obtained for each fiber and expressed as a number per Bm2 of terminal cisternae membrane. Mean values were obtained for each fiber and averages of the means obtained for each set of data. In the second method smaller areas, 100 nm2 or 50 x 100 nm were drawn over a few selected areas of intense labeling. Particles within the areas were counted and also expressed as numbers per pmZ of terminal cisternae membrane.
Sections were obtained from EDL muscles from five rats and gracilis biopsies from seven pigs. At least six and up to 19 fibers were photographed and counted on each section and one to five sections from each muscle examined. The major source of variability was between fibers within a section. Very similar average results were obtained from section to section and between different animals of the same species. These observations suggested that there was minimal variation due to fixation, processing, and staining on different days.
Results

Labeling of Sections with IO-nm, 5-nm, and 1-nm Gold-conjugated Second Antibody
Sections labeled with lo-nm, 5-nm, and 1-nm gold were initially compared. The 5-nm and 10-nm gold labels were easily identified under the electron microscope and are clearly seen in Figure 1 . The label was specific in that (a) it was not seen in control sections stained with second antibody alone and (b) gold particles in sections exposed to primary and secondary antibodies were confined to areas I that contained sarcoplasmic reticulum, i.e. areas adjacent to triad junctions and in spaces between the myofilament bundles. More gold labeling was seen in rat EDL fibers ( Figure 1A and 1B) than in pig gracilis fibers ( Figures 1C and ID) . However, the numbers of 5-nm gold particles were considerably greater than the numbers of IO-nm gold particles on both the terminal and longitudinal portions of the sarcoplasmic reticulum in both types of muscle.
In contrast to the 5-nm and 10-nm gold particles, 1-nm gold was not easily identified. The particles could be seen only at magnifications greater than x 20,000 and visualization was critically dependent on the focus. A major difficulty was encountered in identifying the 1-nm gold particles in material stained in the usual way with 2% uranyl acetate for 30 min (Figure 2A ). Osmium and lead citrate stains were not routinely used, since the increased electron density obscured gold particles in many areas of the sections (Dulhunty et al., 1987) . However, the 1-nm gold particles in Figure 2A were similar in size to the uranyl acetate grain and gold could only occasionally be seen in areas devoid of stained tissue. The gold particles could not be identified in the heavily stained areas of terminal cisternae adjacent to the triad junction and in much of the longitudinal sarcoplasmic reticulum. The density of gold particles in the small area shown in Figure 2A appears to be high compared with the density of 5-nm and 10-nm gold particles shown in Figure 1 . It was impossible in sections such as that in Figure 2A to determine whether the gold staining was specific for the sarcoplasmic reticulum membrane, since nonspecific activity in the myofilament lattice was masked by the strong uranyl acetate staining of the contractile proteins.
Silver enhancement of the 1-nm gold particles was attempted on tissue sections and on test grids containing only gold particles. Attempts were made to mod* the enhancement procedure recommended by the manufacturer in hopes of improving the visibility of individual 1-nm gold particles (see Materials and Methods). However, the individual gold particles were always masked by the enhancement procedures and the ultrastructural localization was obscured.
Since the 1-nm gold particles could not be seen clearly with normal electron-dense staining procedures or with silver enhancement, we looked at alternative techniques for better visualization of the unenhanced particles. The 1-nm gold particles could be seen most clearly when sections were not stained at all (Figures 2B and 2C) . Although the subcellular structures were difficult to identify, the sarcoplasmic reticulum membranes contained low intrinsic electron density and the outline of the sarcoplasmic reticulum and T-tubules could be seen as gray areas in the sections. It is clear in this case that the 1-nm gold labeling was specific: gold particles were confined to the gray areas containing sarcoplasmic reticulum membrane and were excluded from the lumen of the T-tubule and from clear areas that presumably contained cytoplasm and myofilaments.
Very brief exposure to 2% uranyl acetate for 40 sec or less gave minimal staining of the contents of the fiber and also allowed 1-nm gold particles in the terminal cisternae and longitudinal sarcoplasmic reticulum to be seen (Figure 2D) . The disadvantage of using even this very light staining procedure was that nonspecific activity within the myofilaments could not be identified.
Although the presence or absence of gold within the myofilament lattice could not be assessed in the lightly stained sections, the micrographs of rat EDL fibers in were cut parallel to the plane of the section and appeared as a star-shaped sheet of low electron density extending longitudinally from a T-tubule and triad junction. Gold particles were clustered over the sarcoplasmic reticulum membrane but were excluded from areas of myoplasm outside the sarcoplasmic reticulum and from the T-tubule lumen.
In both the unstained and the lightly stained sections ( Figures  2 and 3 ) the 1-nm gold particles were tightly packed in some areas of the terminal cisternae, whereas other areas of membrane were devoid of gold. Either particles were clustered in the membrane or the membrane was undulating so that in some areas the antigenic sites were no longer on the surface of the section. The second possibility seems the most likely, since only 1% of the membrane is devoid of particles on freeze-fracture replicas of fast-twitch sarcoplasmic reticulum in fibers from the guinea pig vastus lateralis (Ferguson and Franzini-Armstrong, 1988) .
Quantitative Estimation of the Density of Gold Labeling
Gold particles were counted in the terminal cisternae of rat EDL and pig gracilis fibers (see Materials and Methods). Initially, all regions that could contain terminal cisternae membrane were included in the analysis, i.e., areas extending 200 nm in a direction parallel to the triad junction and 100 nm at right angles to the junction were outlined and the particle density within each area counted. The histograms in Figure 4 show that the average labeling density of individual pig gracilis and rat EDL fibers with 5-nm gold ( Figures 4B and 4D) was four times greater than that in fibers labeled with IO-nm gold (Figures 4A and 4C) . The labeling density with 1-nm gold ( Figure 4E ) was four to five times greater than that with 5-nm gold. The densities in rat EDL were consistently higher than those in gracilis, indicating that EDL fibers may have faster relaxation times than gracilis fibers (Dulhunty. 1990; Ferguson and Franzini-Armstrong, 1988; Dulhunty et al., 1987; Maier et al., 1986) .
The densities of labeling with each of the gold probes are compared in Figure 5 . The average densities in EDL fibers ( Figure 5A ) with I-nm. 5-nm, and IO-nm gold were, respectively, 729 5 37/pm2 of terminal cisternae in 17 fibers, 187 2 4 in 39 fibers, and 40 -c 4 in 27 fibers. In pig gracilis ( Figure IB) , the average densities with 5-nm and 10-nm gold were respectively 109 6 in 47 fibers and 13 f 1 in 27 fibers. These numbers are less than the densities of 3000-6000/ pm2 obtained in freeze-fracture studies (Heilmann et al., 1981; Beringer, 1976) .
The rectangles in which particles were counted to obtain the data shown in Figure 5 included areas of sarcoplasmic reticulum devoid of particles. As suggested previously, these were presumably areas in which the antigenic sites were not on the surface of the section. Therefore, inclusion of such areas in counts of gold density would significantly underestimate the total number of antigenic sites. We therefore selected a few areas in which the labeling density was high and counted the particles just within those areas. Few high-density areas were seen with 5-nm gold. Sixteen areas in 10 fibers were identified and the average density of 2878 t 1 3 9 / w 2 was 15 times greater than the numbers obtained for total terminal cisternae. The highest individual density for 5-nm gold was 3 6 0 0 / p 2 . Many more high-density areas were identified in sections labeled with 1-nm gold and mean densities (of three to eight areas) were obtained for each of 18 fibers. The overall average density was 4310 +. 276/pm2 (18 fibers) ( Figure 6 ). The means for individual fibers ranged from 2985 f 170/pm2 to 6355 8 7 1 / p 2 , with a highest individual count of 8 1 1 5 / p 2 . Numbers between 3000-6000/pm2 are within the range of the numbers of Figure 7. (A,B) Frequency histograms comparing counts of 1-nm gold particles in individual areas of intense labeling in two fibers from one section containing 10 fibers. The histograms illustrate the significant differences seen between fibers and the reasonably uniform results obtained within individual fibers.
particles counted in freeze-fracture replicas (Heilmann et al., 1981; Beringer, 1976) , but are considerably lower than the 32,000/pn2 estimated from rotary-shadowed, freeze-dried replicas (Ferguson and Franzini-Armstrong, 1988 ).
Fiber-to-fiber Variations in Gold Particle Counts in Fast-twitch EDL Muscle
The standard errors on the data given above for all gold particles sizes reflected variations between fibers rather than a variation in the intensity of labeling within individual fibers or a variation in processing on different days (see Materials and Methods). Figure  7 shows that there was little overlap in the data for 1-nm gold from selected high-density areas in five micrographs of two different fibers in one section. The average density obtained in Fiber A was 2911 2 7 2 / m z (six observations) and the average density in Fiber B was 5625 202/pn2 (six observations). Similar observations of differences between fibers were made with gold particles of all sizes and with both types of counting procedures used.
Discussion
Dtflerences in Labeling Density with 1-nm, S-nm, and IO-nm Gold
Gold probes of 1 nm were successfully used to label calcium ATPase in minimally stained sections of sarcoplasmic reticulum. The labeling density of calcium ATPase with 1-nm gold was 20 times greater than with 10-nm gold. Although an effect of gold particle size on labeling density has been reported (Yokota et al., 1988) , this study is the first to include 1-nm gold probes. The data may have been influenced by the fact that the secondary antibodies for IO-nm or 5-nm gold and 1-nm gold were obtained from different sources and may have had different affinities for the primary antibody and a different mix of polyclonal binding sites. However, since the second antibodies were used at saturating concentrations (see Materials and Methods), binding of all polyclonal antibodies was independent of affinity. The results may also have been biased if more than one second anti body bound to the primary antibody. For the purpose of the following discussion we assume that the maximal ratio of the secondary to primary antibody is 1:1, since steric considerations make it likely that only one second antibody in the polyclonal mix would bind to each monoclonal primary antibody.
Factors that contribute to the effect of gold probe size on binding density differ depending on the probe size. The hundreds of nanometers between 10-nm particles suggest that the particle may interfere with the reaction between primary and secondary antibody, as suggested for the catalase-protein A binding (Yokota, 1988) . The 10-nm particle may also hinder penetration of the section by the second antibody. The differences between 1-nm and 5-nm gold densities is explained by the numbers of gold particles conjugated to the second antibody. More than one small (<2 nm) gold particle can bind to one IgG (Simmons and Albrecht, 1989; Kehle and Herzog, 1987) , and up to three 1-nm particles may bind to one IgG (BioCell Technical Information Booklet). Although a fraction of IgG is not labeled with 5-nm gold (Kramarcy and Sealock, 1991) ; (BioCell Technical Information Booklet), 20% are double labeled (Jansen Information Sheet). If on average two 1-nm gold particles and one 5-nm gold particle bind per IgG, then the density of 1-nm gold should be double that of the 5-nm gold, if maximal binding of the secondary immunoglobulins is the same. Our highest small area count of 8115/pn2 for 1-nm gold was close to double that of 3 6 0 0 / p 2 for 5 nm gold.
Large area counts showed a 3.8-fold difference between 1-nm and 5-nm gold densities. This suggests that fewer areas were optimally sectioned for 5-nm gold-conjugate binding than for 1-nm gold binding. Indeed, only 16 high-density areas were observed in 10 fibers labeled with 5-nm gold compared with 90 areas in 18 fibers for 1-nm gold. The epitope for the primary antibody is at the interface between neighboring calcium m e molecules (Mol- nar et al., 1990) . It may be sterically simpler for the l-nm gold conjugate to penetrate between neighboring molecules than the 5-nm gold conjugate, and hence regions of optimal availability may extend for a greater distance below the surface of the section for 1-nm gold.
Density of Calcium AlTp,,, in the Sarcoplasmic Reticulum
The average density of 1-nm gold in small areas of intense labeling, in which the surface of the sarcoplasmic reticulum was presumably coincident with the surface of the section, was on the order of 40001 p2. The highest mean count for a single fiber was 6,355 ~t 8 7 1 / p 2 . The density of particles on the sarcoplasmic reticulum in freeze-fracture replicas is also between 4000-60001 pn2 (Heilmann et al., 1981; Beringer, 1976) . The particles seen in freeze-fracture are likely to represent oligomers of calcium ATPase molecules (Franzini-Armsuong and Ferguson, 1985) and the similar densities suggest that the primary antibody plus secondary IgG/gold conjugate (with 1-and 5-nm gold) bind to one oligomeric complex of calcium ATPase. Calcium ATPase tends to aggregate (Silva and Verjovska-Almeida, 1985) , with the oligomeric form dominating at 4°C but monomers and dimers dominating above 20°C (Birmachu and Thomas, 1992) . Our tissue was fixed at 4°C and the protein was likely to have aggregated into oligomers.
Advantages and Disadvantages of the Immunolabeling Technique
As mentioned in the Introduction, the immunolabeling technique has the advantage that it allows unequivocal identification of calcium ATPase molecules. All other techniques depend on imaging of monomeric and oligomeric complexes which are then indirectly identified as calcium ATPase. The present study therefore directly demonstrates calcium ATPase proteins tightly packed throughout the sarcoplasmic reticulum membrane, and hence confirms previous indirect observations made with freeze-fracture techniques or freeze-drying and rotary shadowing.
The use of primary and secondary antibodies has some inherent disadvantages, which means that the technique cannot be used to accurately determine the absolute number of antigenic sites. These disadvantages include: (a) difficulty of penetration of primary and secondary antibodies and the requirement for optimal alignment of the membrane with the surface of the section (see Results); (b) loss of antigenicity due to fktion with 0.1% glutaraldehyde/2% formaldehyde, which reduces antigenicity to about 75 % of that in unfixed tissue (Dulhunty et al., 1987) ; and (c) lateral steric hindrance between monomers and oligomers. If the distance between the sites is smaller than the dimensions of the primary antibody, steric effects would prevent binding to neighboring antigenic sites. The distance between neighboring calcium ATPase molecules within an oligomeric complex is about 6 nm (Franzini-Armstrong and Ferguson, 1985) , compared with the dimensions ofthe primary antibody, which are 20 x 6-7 nm (Simmons and Albrecht, 1989; Silverton et al., 1977) . The center-to-center spacing between oligomeric complexes is on the order of 13 nm (Franzini-Armstrong and Ferguson, 1985) and is therefore greater than the width of the antibody.
With these reservations in mind, as well as the possibility of multiple gold conjugation to a fraction of the second antibody, one may not expect to obtain an exact coincidence between the numbers of particles seen with immunolabeling and with freeze-fracture techniques. The similarity between our data and the freeze-fracture data is surprising and may to some extent be coincidental. However, it is likely that freeze-fracture particles arise because the fracture plane jumps across aggregates of four to six molecules, which may be randomly disposed monomers or oligomers. Similarly, the steric arguments presented in the previous paragraph suggest that it is unlikely that more than one primary/secondary antibody complex would bind to one oligomeric complex or to a closely packed aggregate of four to six monomers. Therefore, for different physical reasons, both freeze-fracture and immunolabeling idenufy about the same fraction (25%) of calcium ATPase molecules. Given the tendency of calcium ATPase to form oligomers (see previous section), this fraction may depend on the degree of aggregation.
Fiber-type Dtferences in Go Id Particle Densities
Mammalian fibers have been classified into three types and there is a continuous spectrum of properties between the three types (for review see Eisenberg, 1982) . Histochemical studies show that the rat EDL contains 59% fast glycolytic fibers, 38% fast oxidative, and 3% slow oxidative fibers (Ariano et al., 1973) . Different densities of calcium ATPase in these fiber types could explain the range of densities of gold label seen in the EDL. The pig gracilis muscle contains similar proportions of the three types of fibers (K. Hopkinson, personal communication). The density of labeling of slow oxidative fibers is 60-8096 lower than in fast fibers (Dulhunty et al., 1987) , and the range of densities in the gracilis is more than double the range in rat EDL (Figure 4) . The dlfferences in density of calcium ATPase, depending on the type of fiber and contraction speed, is reflected in the density of freeze-fracture particles (Heilmann et al., 1981; Bray and Rayns, 1976) and may explain some discrepancies between freeze-fracture particle counts in different preparations.
In conclusion, 1-nm gold-second antibody conjugates can be used to examine the density of calcium ATPase in the sarcoplasmic reticulum when tissue is minimally exposed to electron-dense stains. The density of gold labeling increased as gold particle size decreased from 10 nm to 1 nm. The numbers of 1-nm and 5-nm gold particles in areas of optimal orientation between the sarcoplasmic reticulum membrane and the surface of the section suggested that there is close to a one-to-one relation between second antibody binding and the oligomeric complexes of calcium ATPase proteins seen in freeze-fracture replicas.
